Background
Health status measurements in chronic obstructive pulmonary disease (COPD) subjects can provide information on patient status that physiological evaluations cannot. Therefore, such information should be routinely assessed in clinical practice. To this end, over the past 2 decades, St George's Respiratory Questionnaire (SGRQ) and the Chronic Respiratory Disease Questionnaire have been extensively validated and used in clinical trials. 1, 2 However, these instruments are generally time consuming and complicated both in terms of calculating scores and in their application when time is limited. In light of the growing importance of measuring health status, a shorter and simpler method may be more appropriate for routine use. Jones et al [3] [4] [5] developed a new and simple questionnaire called the COPD assessment test (CAT), to facilitate the application of health status measurements in subjects with COPD. The CAT has eight items, each formatted as a six-point differential scale, making the tool easy for medical professionals to administer and for patients to complete.
The CAT has been a key tool for patient assessments in the Global Initiative for Chronic Obstructive Lung Disease (GOLD), which was updated in 2011. 6 The CAT is a validated questionnaire that distinguishes patients with varying degrees of COPD severity and appears to behave similarly across countries. 5, 7, 8 CAT scores also improve in response to pulmonary rehabilitation and can distinguish between categories of response. 9, 10 Although the evidence for expanding the use of the CAT in clinical practice has been accumulating worldwide, detailed information has not been published on the relationship of SGRQ and CAT scores with other disease-specific outcome markers; usually, only the overall correlation or CAT properties are reported in the literature. Although the CAT was carefully developed according to guidelines for patient-reported outcomes, using both qualitative and quantitative research steps, it is possible that the CAT may measure somewhat different concepts than SGRQ. Given this, it is important to determine if the CAT can be used as a suitable substitute for SGRQ.
Although some investigators consider health status to consist of four main domains (physiological functioning, symptoms, functional impairment, and quality of life), and at least 16 subdomains, it was reported that SGRQ is appropriate only for measuring problems in the subdomains of subjective symptoms and subjective impairment, and not for measuring problems in other subdomains of health status, such as quality of life. 11 Since it is possible that the different components of health status could be assessed by the CAT, the authors intended to compare the CAT and SGRQ in terms of their ability to accurately reflect different components of health status using principal component analysis (PCA).
We hypothesized that the CAT is capable of accurately describing the health status of subjects with COPD. The purpose of this study was to compare measurement properties, especially the reliability, score distribution, and concurrent validity, of the CAT versus SGRQ. In addition, we evaluated the contribution of pulmonary function, exercise capacity, dyspnea rating, and psychological status to the health status of COPD subjects to highlight the contributing characteristics identified by the CAT versus SGRQ.
Methods

study design
A total of 109 consecutive subjects with stable COPD, defined as a forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) of less than 70% in all previous measurements, were recruited from the outpatient clinic of the Department of Respiratory Medicine and Allergy at Tosei General Hospital. The entry criteria included the following: 1) a diagnosis of COPD and age over 50 years; 2) a smoking history of more than 10 pack-years; and 3) no obvious abnormal shadows on chest X-rays. Exclusion criteria were the following: patients with any history suggestive of another pulmonary disease, a history of lung surgery, an exacerbation of COPD over the preceding 3 months, any comorbid conditions likely to reduce exercise capacity (eg, musculoskeletal conditions, unstable heart disease, or neurologic impairment), or any other illnesses. Written informed consent was obtained from all subjects prior to their enrollment in the trial. On evaluation days, subjects completed pulmonary function tests, 6-minute walk tests, progressive cycle ergometer tests, and assessments of dyspnea, anxiety, depression, and health status. This study was approved by the ethics committee of Tosei General Hospital (approval number 309).
Pulmonary function and exercise tests
Spirometric flow-volume curves were recorded with subjects seated, according to a previously described method by the American Thoracic Society/European Respiratory Society Task Force in 2005. 12 Predicted values for FEV 1 and vital capacity (VC) were calculated according to proposals from the Japanese Society of Chest Diseases. 13 Residual volume (RV) was measured with a closed-circuit helium method, and diffusion capacity for carbon monoxide (Dlco) was measured using a single-breath technique (CHESTAC-55V; Chest, Tokyo, Japan). Progressive exercise tests to symptomlimited maxima were performed using an electrically braked cycle ergometer (Ergometer 232CXL; Combi, Tokyo, Japan), as described by Arizono et al. 14 The workload was increased by 10 W every minute after a 2-minute unloaded cycling, and patients maintained a pedaling rate of 60 rpm throughout the test until they could no longer continue. Exercise data were recorded using an automated exercise testing system (CardioStar; Fukuda Denshi, Tokyo, Japan). Minute ventilation and oxygen tension in expired air were determined, and mean minute ventilation and oxygen uptake (V′o 2 ) were calculated. Peak values were defined as those averaged during the last 30 seconds of the highest workload achieved. Six-minute walk tests were performed in a hospital corridor 50 m long. 15 We emphasized to patients that the aim of the test was to walk as far as they could in 6 minutes, and standardized encouragement was provided throughout the tests. Borg scores (0-10) for evaluating symptoms of breathlessness were recorded at rest and immediately after walking cessation. The distance they covered was measured as the 6-minute walk distance (6MWD). Each walk test was repeated twice, and the longest distance walked was used in the analysis. While all 109 subjects underwent pulmonary function and 6-minute walk tests, progressive exercise tests were completed in 104 participants.
Patient questionnaires
A validated Japanese version of the Baseline Dyspnea Index (BDI) was used to assess dyspnea. 16, 17 The BDI recognizes five grades for each of the following categories: functional impairment, magnitude of task, and magnitude of effort, with higher scores indicating more severe dyspnea. The first two studies for the validation of the original Japanese version of the BDI were published in 1998. 16, 18 A newer Japanese version of the BDI was subsequently developed and replaced the older version in 2008. However, the former Japanese version of the BDI was used in this study. Dyspnea was evaluated by the modified Medical Research Council (mMRC) dyspnea scale, which uses a five-point scale. The Japanese version of the Hospital Anxiety and Depression Scale (HADS) was used for evaluating anxiety and depression status. The HADS consists of 14 items, seven scoring for anxiety and seven for depression. The HADS was scored in accordance with the methods reported by the original author. 19 Health status was assessed with previously validated Japanese versions of the CAT and SGRQ (version 1). 8, 16 CAT scores range from 0 to 40, with a score of 0 indicating no impairment. The scores of three components (symptoms, activity, and impact) of SGRQ were obtained but not analyzed herein since they were not developed to be evaluated separately from total scores and would not add anything new to the analysis. The CAT, SGRQ, BDI, mMRC, and HADS were self-administered under site supervision in the aforementioned order (in booklet form).
statistical analyses
All results are expressed as mean ± standard deviation. Missing SGRQ items were handled according to the developers' instructions in the SGRQ manual. Relationships between two sets of data were analyzed by Pearson's correlation tests. ANOVA and Tukey's honestly significant difference tests were used to compare CAT and SGRQ scores between groups. In addition, relationships of CAT and SGRQ scores with the degree of airflow limitation were analyzed by JonckheereTerpstra trend tests. Physiological measures were compared when the two tests had inconsistent findings using MannWhitney's U-test. To identify variables that influenced CAT and SGRQ total scores, a stepwise forward regression method (method of increasing and decreasing variables) was conducted, as previously described elsewhere. 16, 20 Independent variables were selected from those that significantly correlated with CAT and SGRQ total scores in univariate analyses. However, to avoid multicolinearity, only one of the highly correlated variables was entered in the multivariate model, if present. Independent variables were as follows: age (years), smoking (pack-years), body mass index (BMI; kg/m 2 ), FEV 1 (% pred), RV/total lung capacity (TLC; %), the D LCO divided by the alveolar volume (D LCO /V A ) (mL/min/mmHg/L), 6MWD (m), BDI scores, and depression scores on HADS. The internal consistency of each questionnaire was assessed with Cronbach's α coefficient. The 95% confidence interval of Cronbach's α coefficient was calculated with psychometric Package R, version 3.0.2 (R Core Team 2013. R: a language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria). 21 In addition, PCA was performed to identify components that best describe patient's health and to identify groups of variables that best correlate with each component, by examining the relative contribution of the variables described earlier to CAT and SGRQ total scores. 22, 23 A P-value of less than 0.05 was considered to be statistically significant.
Results
A total of 109 consecutive subjects (104 males) were studied between January 2010 and September 2011. While 91 subjects quit smoking more than half a year before the study, 18 were current smokers. Demographic details as well as pulmonary function test results are listed in Table 1 . The average age was 70.6±6.8 years, and the average FEV 1 was 1.06±0.46 L, which is indicative of the fact that the group included cases with mild-to-severe airflow limitation. All but five patients were treated with inhaled bronchodilators and/or inhaled corticosteroids. Thirteen patients were treated with long-term oxygen therapy. Nine subjects were managed with noninvasive positive pressure ventilation at home.
The score distribution and internal consistency assessed with Cronbach's α coefficient for CAT and SGRQ scores in this study are listed in Table 2 . The internal consistency of the CAT was high (Cronbach's α coefficient =0.890), and the coefficient for SGRQ was also high (α =0.933). Floor and ceiling effects were not seen. Figure 1 shows frequency distribution histograms and cumulative frequency distribution curves of CAT and SGRQ total scores. The total score of the SGRQ was 27.3±17.3 in nine subjects with mild airflow limitation (GOLD 1), 32.8±18.8 in 33 subjects with moderate airflow limitation (GOLD 2), 48.0±15.4 in 46 subjects with severe airflow limitation (GOLD 3), and 57.9±16.0 in 21 subjects with very severe airflow limitation (GOLD 4). The SGRQ total score significantly differed by the degree of airflow limitation (GOLD 1 vs 3, P=0.005; GOLD 1 vs 4, P,0.001; GOLD 2 vs 3, P=0.001; GOLD 2 vs 4, P,0.001 and also P,0.001 by the JonckheereTerpstra trend test). Although there was a wide range of CAT scores for each degree of airflow limitation (10.3±8.0, 13.1±6.5, 16.9±8.4, and 21.7±8.5 for GOLD 1-4, respectively), scores were also significantly different for different degrees of airflow limitation (ie, GOLD 1 vs 4, P=0.003; GOLD 2 vs 4, P=0.001 and P,0.001 by the JonckheereTerpstra trend test). CAT scores significantly correlated with SGRQ total scores (R=0.668, P,0.001; Figure 2 ).
The data were also analyzed to understand the impact of discordance in the distributions of CAT and SGRQ total scores. If a CAT score of greater than or equal to 10, or a SGRQ total score over 25, was considered to indicate a high level of symptoms, the number of individuals with good CAT and bad SGRQ scores was 17 (15.6%) and the number of individuals with good SGRQ and bad CAT scores was 10 (9.2%). Physiological measures were compared between these 27 patients with discordant SGRQ and CAT scores and the 82 patients whose SGRQ and CAT scores were in accord. FEV 1 , FEV 1 /FVC, MRC, BDI, and 6MWD were significantly different between the two groups (all P,0.01, Mann-Whitney's U-test), indicating that the discordance of the CAT and SGRQ total scores is associated with milder impairment.
With respect to relationships with physiological parameters, Pearson's correlation coefficients between the CAT and other variables were compared with similar correlations (Table 1 ). In addition, correlations of SGRQ total scores with all the physiological parameters were superior to those of CAT scores. In relation to dyspnea, both CAT and SGRQ total scores significantly correlated with the mMRC, BDI, and Borg scores at the end of exercise (Table 3) . With respect to exercise performance, CAT and SGRQ total scores significantly correlated with 6MWD and peak V′o 2 (Table 3) . With respect to psychological factors, CAT and SGRQ total scores significantly correlated with anxiety and depression on HADS (Table 3) . However, correlations of SGRQ total scores with all parameters related to dyspnea, exercise performance, and psychological factors were superior to those of CAT scores.
Stepwise multiple regression analyses were performed to identify variables that could best predict CAT and SGRQ total scores (Table 4 ). Variables such as FEV 1 (% pred), Dlco/V A (mL/min/mmHg/L), 6MWD (m), BDI score, and the depression score on HADS were adopted as independent variables in the regression analyses, since they characteristically had the strongest univariate correlations with CAT and SGRQ total scores, as listed in Tables 1 and 3 . We found that dyspnea assessed by BDI and depression on HADS significantly accounted for CAT scores. Since the cumulative R 2 was 0.366, unknown factors also contribute to CAT scores. On the other hand, in addition to dyspnea and psychological factors, airflow limitation assessed by FEV 1 and exercise capacity assessed by 6MWD were significant contributors, accounting for 63.0% of the variance in SGRQ total scores.
To examine the structure of CAT and SGRQ total scores, the aforementioned nine variables were subjected to principal components analyses. Kaiser's criterion of eigenvalue .1 was used to determine the number of components. PCA revealed Table 6 . The correlation of component 1 with SGRQ total scores was superior to that of the correlation with CAT scores (Table 7) . The correlation of component 3 with SGRQ total scores was not statically significant, although the CAT score significantly correlated with component 3. Therefore, PCA demonstrated three different components that significantly accounted for variations in the CAT, although only two of them significantly accounted for variations in the SGRQ.
Discussion
To our knowledge, this is the first report to systematically compare measurement properties of the CAT and SGRQ in subjects with stable COPD. Our analysis of health status measurements using the CAT and SGRQ revealed two important findings. First, the CAT is valid as compared to SGRQ, since the internal consistency and score distribution of both questionnaires were exemplary and nearly identical. Second, contributing factors identified by stepwise multiple regression analyses differed to some degree between CAT and SGRQ total scores. In addition, PCA demonstrated a stronger correlation between the contributing factors and SGRQ total scores, although component 1 (pathophysiologic component) correlated with both CAT and SGRQ total Table 4 results of stepwise multiple regression analyses to identify variables that could best predict CaT and sgrQ total scores in 109 consecutive subjects with stable COPD CAT score SGRQ total score
Independent variables
Age (years) scores. Therefore, both stepwise multiple regression analyses and PCA suggested that the factors assessed by the CAT were slightly different from those measured by SGRQ. Jones et al 3, 4 reported a qualitative study to develop the CAT 3 and published the first validation study in 2009. 4 The authors reported excellent reliability, including internal consistency and repeatability. They also reported the score distribution and its correlation with a COPD-specific version of the SGRQ. 24 In addition, they published a validation study on the CAT in a large international sample of more than 1,000 patients with COPD. 5 Gupta et al 25 reported good internal consistency with Cronbach's α coefficients of 0.85-0.98 in a recent systematic review. 25 The internal consistency result of the CAT in this study is consistent with the findings of previous studies. With respect to univariate correlations between CAT and SGRQ scores, in previous studies, correlation coefficients (R) between CAT and SGRQ total scores were 0.73-0.84, 5, 23 while Gupta et al 25 reported 0.72-0.74. Although the correlation coefficient reported herein is lower (R=0.668), it is close to the bottom end of the range reported by other researchers. This difference might be explained by the characteristics of patients enrolled in this study. This study included outpatients with GOLD 1-4 COPD classifications. In the two previous studies, the authors used a population with more severe COPD (patients in rehabilitation) and a bigger sample from many countries. 5, 26 The small number of study subjects enrolled from a single center is a major limitation of this study and may impact the reliability and validity of the obtained results.
The present cross-sectional analysis also showed that the CAT evaluated the clinical, functional, and psychological aspects of subjects with COPD as well as the SGRQ. In a comparison with previous studies, the correlation coefficient between the CAT and FEV 1 (% pred) was highest in this study (R=-0.413). However, this correlation was inferior to that between airflow limitation and SGRQ scores ( Table 1) . Correlations of other physiologic, functional, or clinical measurements with SGRQ total scores were superior to those with CAT scores. Therefore, physiologic measures, including airflow limitation, may not be important areas of focus for the CAT.
Factors contributing to CAT scores have not been examined in the literature. Multiple regression analyses revealed that only 37% of the variance of CAT scores was accounted for by dyspnea assessed by the BDI and psychological factors measured by depression on the HADS scale. On the other hand, dyspnea assessed by the BDI, psychological factors assessed by HADS depression scores, airflow limitation assessed by FEV 1 , and exercise capacity assessed by 6MWD accounted for 63% of the variance in SGRQ total scores. Both dyspnea and psychological factors significantly contributed to both CAT scores and total SGRQ scores. Our results obtained from stepwise multiple regression analyses also indicated that there are other unmeasured factors that explain CAT scores.
PCA was also performed as a data exploration method to seek a way of explaining differences in what SGRQ and CAT measure conceptually. In a comparison between the two scores, component 1 (the pathophysiologic component) was less important for CAT scores. Component 3 (the smoking component) statistically correlated with CAT scores, but not with SGRQ total scores. Thus, a difference of the statistically identified components between SGRQ total scores (components 1 and 2) and CAT scores (components 1, 2, and 3) was also demonstrated in this analysis.
The SGRQ was developed as a COPD-specific instrument for measuring health status as reflected by the variety of factors that contribute to SGRQ scores. The CAT is thought to produce similar findings as SGRQ, but item reductions can 
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Morishita-Katsu et al be performed by Rasch analysis. 3 Although item reduction has been successful in maintaining similar measurement components, the loss of some input might influence the output of these instruments.
There are several limitations in this study that should be noted. First, the responsiveness to change, which is an evaluative property, should be compared because one of the most important reasons for developing questionnaires is their use in measuring changes over time. Unfortunately, the authors encountered difficulty in evaluating responsiveness because this study was performed in a cross-sectional manner for the purpose of investigating the discriminative properties of the questionnaires. Second, this single-center study was limited by the number of patients with COPD enrolled at the study site. However, the study does contain all of the patients with stable COPD followed in this hospital during the study period. It is possible that the small size limited the ability to determine the relationships between the variables using regression analyses. In addition, because the study included predominantly men, generalizations of these results to women with COPD may be unwarranted. Since the number of women with COPD is in fact quite low in Japan, the study reflected the reality of clinical COPD in our population. Finally, in this study, we did not assess important clinical features of COPD such as comorbidities, exacerbations, health care utilization (including hospitalizations, unscheduled visits), and systemic inflammation.
Conclusion
In conclusion, the CAT has similar discriminative properties as SGRQ, since the reliability and score distribution of both instruments are identical. Therefore, the convenience and simplicity of the CAT may facilitate its use for health status assessments in situations when time is limited. Although the questionnaires are very similar, multiple regression analyses demonstrated that physiologic measures may not be important for the CAT; however, both dyspnea and psychological factors significantly contributed to both CAT scores and total SGRQ scores. PCA revealed a difference in the statistically identified components between SGRQ total scores (components 1 and 2) and CAT scores (components 1, 2, and 3). It should be kept in mind that what is assessed by the CAT may differ slightly from what is being measured using SGRQ.
